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any aspects of water's liquid-state behavior are unusual, and this includes the way in which it forms a glass. For most molecular liquids, particularly in small samples, rapid cooling generates a glassy solid rather than a crystalline phase. Vitrification in most cases has a clear thermodynamic signature-a rapid drop in heat capacity-as the translational and reorientational degrees of freedom, by which the liquid absorbs energy and flows, are frozen out. Water is exceptional in this regard in that its glass formation signature is very weak, so much so that the glass transition temperature T g , typically assigned in the range from 120 to 160 K, has been controversial. In this review I argue that the various experimental and theoretical arguments about the glass transition in water can be reconciled in terms of an order-disorder transition that occurs in the "anomalous regime," 150 to 250 K (1) (2) (3) . This order-disorder transition, which may include some weak first-order character, effectively steals the disordering heat capacity of the normal glass transition, leaving almost nothing to observe at the temperature predicted by T g extrapolations from binary-solution glasses.
What Is the Glass Transition?
The glass transition is not a "transition" in the thermodynamic sense of the word (4) . With the glass transition, everything depends on time, and so T g can only be given a firm value when the time rate of change of temperature (heating or cooling) has been fixed. Then it is straightforward to say what the glass transition is, in terms of some basic property such as heat capacity. The glass transition is that phenomenon in which the heat capacity increases abruptly during heating, as previously frozen degrees of freedom are excited. The heat capacity changes from a value characteristic of a solid (only vibrational degrees of freedom, often the Dulong and Pettit value) to the higher value characteristic of a liquid-and there is usually a big difference, making it easy to detect. For instance, in a glass-forming solution containing two parts of water and one part of its look-alike, hydrogen peroxide (H 2 O 2 , melting point T m = 271.5 K), the heat capacity more than doubles at the glass transition (5) . The same is found when the solution contains, in place of H 2 O 2 , the other water look-alike, hydrazine [N 2 H 4 , T m = 5.5°C (5)] (Fig. 1) .
The glass transition also has flow consequences. Above its T g , the substance, when stressed, flows like a liquid-but it flows very slowly, unless T >> T g . Below T g (6) (7) (8) , it bends elastically like a solid, and then splinters-unless time is first allowed to pass, when again it flows (8) . Why? Well, the extra time that passed was equivalent to a lowering of the T g . The glass transition occurs when (9) the condition
is met, where Q is the cooling rate, t is time, and t is the "relaxation time". In some liquids, those in the "fragile" class (10), the change in heat capacity at T g happens very sharply and is complete in just a few degrees, because a fragile liquid is one whose relaxation time changes very rapidly, in "superArrhenius" fashion, with temperature. In nonfragile liquids, however, it may take tens of degrees, even hundreds in the case of "strong" liquids with high T g values [this is also true for ordinary liquids studied on computer simulation time scales, e.g., 50°C for SPC-E water (11) ]. The hydrazine solution in Fig. 1 , for instance, although having a very large heat capacity change, is not a fragile liquid (12) . It requires some 20 K to complete its transition. It is a part of the controversy concerning water that some authors consider it to be a strong liquid near its T g (13) (14) (15) (16) (17) , whereas others have argued that it is very fragile (18, 19) and still others think it is both (14) , depending on the temperature and the cooling rate.
The Problem with Water and Its T g The large change in heat capacity ∆C p at T g for (H 2 O) 2 •H 2 O 2 (and the comparably large ∆C p for H 2 O•N 2 H 4 ) renders the T g determinations in these cases quite unambiguous. However, in the phenomenon usually considered to be the glass transition of laboratory water (Fig. 1) , the value of ∆C p is tiny, only 2% of that for the above aqueous solutions (20, 21) . When a glass transition is so feeble, it is quite difficult to detect. Experienced glass researchers have missed it completely (22, 23) . Yue and the author (24) suggested such a weak effect might be rationalized as an "annealing pre-peak," the real T g being inaccessible because of crystallization, but there are alternatives to consider. What other reason could there be for the difference between water and its solutions? We provide an answer below.
Note that the glassy water for which the above small value of ∆C p was recorded was made from the liquid state by hyperquenching (25) and is called hyperquenched glassy (HQG) water. Other ways of making glassy water exist, some of them exotic (3). The most common method and the earliest reported (26)-and also the way glassy water forms in nature-is by vapor deposition on a cold surface. [Condensed on cosmic dust particles and agglomerated into comets, this form, called low-density amorphous (LDA) water, is believed to be the most abundant form of water in the universe.] Another method, more recent and quite exotic, is by compression of ordinary ice (I h ) until amorphized (27) , followed by decompression with annealing. The latter process converts the initial high-density amorphization product HDA into LDA. The three forms, HQG and the two LDAs, are almost identical in structure, although the form obtained by the highpressure route shows some differences in thermal behavior that are not removed by heating above 136 K, when structural differences between glasses of the same glass prepared by different routes would be expected to disappear (28) . Each of these preparations manifests comparably feeble heat capacity jumps at the annealing-induced thermal event, usually close to 136 K (29, 30) . But in the HDA → LDA case (29) , a heat capacity scan, made at a rate slower by a factor of 120 than the others, found T g at 124 K (without annealing), which is 12 K below the usual value and 17 K below the "annealing-free" (20 K/min) scan value, 141 K, reported in (20) and (24) .
An important part of the problem in characterizing water through its glass transition is that water is a very bad glass-former. This means that the glassy state does not survive heating much above the putative T g of 136 K. Indeed, in Handa and Klug's low-scan rate study (29) it crystallized at 132 K. In a "standard" scan [20 K/min, see (6) ], LDA crystallizes in the range 150 to 160 K, depending on the manner of preparation. Thus, there is a gap [or a "no-man's land" (31) ] between 150 and 236 K (the limit of supercooling) in which no direct data are available for bulk, or even microscopic (~1 mm), water (although there are insights from nanoconfined water; see below).
In Fig. 1 , what has been reviewed up to this point is summarized as the heat capacity changes at T g for water and its solutions as well as for the higher-temperature liquid states of water and its solutions, both molecular and ionic. The behavior of water in the region immediately below its freezing point (5, 32, 33 ) is especially noteworthy. Although criticized as artifactual (34) , it has recently been established as correct by bulk water (10-ml samples of extreme purity) studied to -30°C (35) . The hydrazine solution data in Fig. 1 may be interpreted as how water would behave if it could not form an open tetrahedral network through hydrogen bonding.
The challenge brought into focus by Fig. 1 is to find out what happens in the "gap" for the case in which water does form the network but does not crystallize. The question is meaningful because we know that the glass can be produced from the ambient-pressure liquid by fast cooling (25, 36) . Furthermore, liquid water can itself be generated (as tiny growing droplets from the supersaturated vapor) in this "gap" temperature range (37) , and, in due course, it will be structurally characterized there as it is produced.
Although the possibility of a weak first-order phase transition en route is not excluded (see below), we look for the behavior along a continuous path in C p between the large and anomalously increasing value around 240 K, and the tiny value at 150 K.
Insights from Nanoscopic Water
The problem of how water should behave if crystallization did not occur was addressed some time ago by applying thermodynamic principles to data available from both below and above the gap (15) . The results will be revisited below, but there is also a more direct route: by studying water in nanoscopic confinement. Water near surfaces often does not crystallize upon cooling, but only recently have the properties of such water been measured. The heat capacity of nanoscopically confined water was reported by the Oguni group (38, 39) , who used measurements on water in nanoporous media of different pore sizes to separate the properties of "surface water" from those of "internal" water in their noncrystallizing smallest-pore samples. The "internal" component (38, 39) is shown in Fig. 2B , where the data are compared with the results of the thermodynamic analysis of Fig. 2A . Although some alternatives to Oguni's analysis may be considered, the heat capacity revealed is remarkably similar to that given by the thermodynamic analysis at its more "smeared-out" limit, as shown in Fig. 2 . When the heat capacity of ice is added to the thermodynamically deduced "excess heat capacity" of Fig. 2A , the agreement is almost quantitative. The striking feature of each curve is, of course, the peak at about 225 K. Note that this behavior is reversible; it is a liquid-state phenomenon, not a glass transition. The only irreversibility observed in Oguni et al.'s data was a very feeble "glass transition" (not visible on the scale of Fig. 2B ) that occurred at 160 K. Confinement seems to act like a pressure (40) or, as shown in (41), like a change of potential such as to displace a liquid-liquid critical point from negative to positive pressures, which then has the same effect. This implies that bulk water behavior at ambient pressure would be either sharper than Fig. 2B , like the second of the Fig. 2A curves, or weakly first-order, as discussed below.
In light of Fig. 2 , the atypically small value of the C p "jump" at T g of HQG and other lowdensity forms of amorphous water can be readily understood. At 136 K, Fig. 2B shows that there is almost nothing of the liquid-phase excess heat capacity left to lose at a glass transition. Thus, although the glass transition arrests the structure, most of the change in heat capacity, and creation of disorder upon heating, occurs in the subpeak part of the 225 K transition. This transition converts water continuously from a "fragile" molecular liquid above the transition to a "strong" liquid below it, so that water is a "strong" liquid as it vitrifies, as claimed in (13, 14) . This picture suggests behavior akin to classical network glasses, which lie at the "strong" extreme of glassformers and are also characterized by small heat capacity signatures at T g and Arrhenius temperature dependences of transport coefficients above it [see also (42) ]. The form of the excess C p of water seen in Fig. 2 is completely different from that of common glassformers but resembles that of the classical order-disorder transition seen in superlattice alloys and rotator phases. In this respect, it is compatible with the much-discussed "second critical point" interpretation of water's anomalies (43-45) because a critical point, associated with the vanishing of the transition order parameter, is the most interesting outcome of these cooperative excitation (order-disorder) processes. However, it is not the necessary, nor the most common, outcome, as considered further below.
Order-disorder transitions were at the center of interest in condensed matter physics half a century ago, but they are not often discussed in the current literature. Nonetheless, water (at least at low pressures) can be understood in terms of such a transition, as discussed below. However, it is useful to first consider a structural study by Mayer and coworkers (46) that suggests a rather abrupt crossover in the behavior of water during hyperquenching, which occurs in the vicinity of the heat capacity peak temperature of Fig. 2 .
Mayer and co-workers used infrared spectroscopy to study the ion-pairing equilibrium in Fig. 1 . Heat capacity data on water in supercooled and glassy forms, together with the heat capacities of molecular and ionic solutions in which the majority component is water. In the case of ionic solutions, the heat capacity reported is per mole of water. The plot for LDA is based on (29) (which established an LDA glass heat capacity of 2 J mol
above ice) and on (20) and (96) anions in relation to temperature in the accessible temperature regime. By observing the ion pair distribution in the glass, they could tell, from the established temperature dependence, the "fictive" temperature T f at which the equilibrium became "frozen in" during the hyperquench. The T f they determined was high, between 200 and 230 K, hugely different from T g determined in any other experiment. However, we can support their conclusion with thermodynamic data (also from Mayer's lab), along with Starr et al.'s thermodynamic analysis of Fig. 2A (15) , as follows. The immediate thermal rescan of a hyperquenched glass releases the frozen-in enthalpy in excess of that in the normal cooling glass transition, and is seen as a broad exothermic peak lying below T g [see (24) ]. This peak has been measured in several studies and has been used to determine T f (47) . In propylene glycol, quenched at the same rate as is used to vitrify water, T f lies 25 K above the normal T g (i.e., at 190 K). To show this for water, the shaded area under the broader curve of Fig. 2A is the frozen-in enthalpy of the Hallbrucker-Mayer HQG (48). Measured during rescan, as shown by the crosshatched area in figure 1 of (49), it amounts to 0.19 kJ/mol (1/30th of the heat of crystallization) plus an extra 0.16 kJ/mol needed to allow for the (unusual) way the enthalpy recovery is cut short by the recrystallization in the case of HQG (48)-in all, 0.35 kJ/mol.
The upper bound of the shaded area in Fig. 2A  should give an independent measure of T f for the Mayer-Hallbrucker HQG. The result is seen in Fig. 2 is T f = 200 K, which falls at the lower end (within the broad uncertainty range) of the ion pair probe method (46) . At this temperature, we calculate [using the activation energy for diffusion in glassy water, 45 kJ/mol, reported by Kay at recent meetings (16) , and assuming a preexponential constant of 10 −14 s] that the relaxation time should be about 10 −4 s-which accords with the finding for hyperquenched propylene glycol (50) .
In summary, there is evidence for a sudden change at around 200 K in the ability of water to equilibrate during hyperquenching. This value lies below the temperature of the C p peak and presumably is the glass transition displaced to very high temperatures, in accord with Eq. 1, by the combination of high quenching rate and the Arrhenius ("strong liquid") character of the relaxation time in water below its C p peak. This is fully consistent with the finding (51) that, during ultrafast heating, no glass transition is seen below 205 ± 5 K where crystallization occurs.
Order-Disorder Transitions
The above discussion builds a self-consistent picture, but I now argue that the understanding of water, given the limits on the direct measurements we can make, depends on our ability to integrate this tentative picture with the behavior of related systems and processes that are better understoodin this case, past studies of order-disorder processes (where the term is used in its older, general, preuniversality class, sense, as we are not concerned with behavior near the peak). Of special relevance are those cases that have been shown to have ergodicity-breaking "transitions" in their tail ends.
The most directly comparable case we find is that of the rotator phase of the fullerene C 60 , which is dielectrically active in its crystalline state. This system has been studied by many workers using different techniques, particularly dielectric relaxation (52), heat capacity (53) , and the related enthalpy relaxation process (53) . Some data are reproduced in Fig. 3 . The total heat capacity exhibits a sharp peak at 250 K-the rotator phase transition (Fig. 3A) . The relaxation time for reorientation of the polar defects has been measured by dielectric relaxation (52) and is perfectly Arrhenius in character between 100 K and the phase transition at 250 K (11 orders of magnitude in t). It blends smoothly with the longer relaxation times measured by enthalpy relaxation, which are shown in the Arrhenius plot of Fig. 3C . The value at 90 K is 1000 s and is characteristic of the glass transition when measured at the slow effective scan rate of adiabatic calorimetry, 0.1 K/min. In differential scanning calorimetry (DSC) at 10 K/min, it would be observed where t H = 100 s (i.e., at 91.3 K). This experiment identifies unambiguously the tiny step at 90 K as the ergodicity-restoring glass transition for this system, which is shown on an expanded scale in Fig. 3B . It is thus a "glassy crystal" but one that terminates its configurational excitation in a continuous order-disorder transition (l transition) rather than in a first-order melting transition, as in the usual case. This happens because fullerenes cannot melt even at high pressures, in consequence of their critical temperatures falling within their solid-phase stability domains (54) . They can only sublime.
We see that the magnitude of the glass transition in C 60 is even smaller than that for water. Being so weak, it would not be detected using ordinary DSC [original data, as plotted in (38, 39)]. The peak temperature agrees well with the thermodynamic curve of upper panel for the more spread-out limit Also, the heat capacity at the peak is near to the sum of this excess C p in (A) and the heat capacity of ice at 225 K. Note the absence of any normal glass transition between 100 and 200 K (as in Fig. 1 ) visible on the scale of this figure. Small hysteretic anomalies are in fact detectable on more sensitive scales at 160 and 120 K [see (38, 39) Although no "hyperquench and scan" studies have been made on the very weak "glass transition" seen in the tail of the C 60 disordering transition (53) (Fig. 3B) , it is reasonable to expect to see, in such studies, the same phenomena exhibited by water (48) . Indeed, this should be seen in any of the familiar l transitions (NaNO 3 , etc.) when examined with sufficient precision. More important, they may also be seen in cases such as KNO 3 in which the l transition is interrupted by a first-order transition to the higher-temperature, more disordered, phase. According to current practice, all should be termed "glass transitions" because in each case a residual disorder is frozen in below the "glass temperature." That the disordering occurs within a crystal, not a glass, is not of concern here. Premelting phenomena in many crystals fall into the same class, and their fast quenching and reheating behavior should likewise be examined for "glass transitions" associated with the freezing-in of crystalline disorder. All will be very weak, like that of water. The effect of the freezing-in of defect concentration on the ionic conductivity of crystals is known; it resembles the effect of the glass transition on the conductivity of ion-conducting glasses (55) . Both resemble the "fragile-to-strong" transition currently much discussed in confined water (56) , but are in fact quite different because they depend entirely on ergodicitybreaking at the transition.
T (K)
Which type of glass transition is the more "interesting" is a matter of taste, but it is clear that those occurring in the tails of l transitions are glass transitions that are stripped of the mystery and the challenge of the glass transition that current theory strives to resolve (8, (57) (58) (59) (60) (61) (62) (63) (64) (65) (66) . There is no Kauzmann paradox demanding resolution, and no hidden firstor second-order transitions to be discussed and contested. As a class, l transitions have been intensively studied, and their heat capacity forms are quite well understood. It is interesting to note, however, that two of the current group of theoretical approaches to the glass transition (59, 67) obtain considerable success in describing the supercooled liquid heat capacity behavior with excitation thermodynamics mathematically equivalent to that of the popular, although approximate, Bragg-Williams theory for the orderdisorder transition, originally invented to describe disordering in alloys such as AuCu (1:1). This is also the property of the Moynihan model of polyamorphism in water (68) discussed below.
The Energy Landscape
What distinguishes a l transition with ergodicity breaking (i.e., glass transition) in its tail, as in Fig. 3 , from a "normal" glass transition? Operationally, it is that in the former, the peak in the configurational heat capacity lies in the ergodic domain, whereas in the latter, it is hidden below the glass transition. Kinetically, it reflects the ease with which the system can explore its potential energy hypersurface without getting "stuck." Thus, the potential energy landscape (PEL) for water must have very shallow "basins of attraction" (69) so that it can deexcite with temperature decrease, even at low temperatures. On accessible time scales, it can then approach closely the global minimum on its PEL. The glass transition interrupts only the final approach to the global minimum, so that the "ideal" glass state becomes (almost) accessible in the same way (70) as the "folding funnel" (71) makes the global minimum accessible to protein molecules. The entropy for water near its T g is indeed remarkable for its small value (72, 73) , rivaled only by vitreous BeF 2 (42) .
Although the ergodicity-breaking phenomenon in water may therefore be simpler to interpret than that in normal glass-formers, it is by no means less important. Indeed, it allows us to shine light on broader aspects of viscous liquid thermodynamics and on the whole strong/fragile liquid phenomenology of glass-formers, as described in (42) .
The Fragile-to-Strong Crossover in Supercooled Water Let us consider how all the foregoing can help us understand another striking feature of the behavior of liquid water, the fragile-to-strong transition, that is observed indirectly upon hyperquenching. Long only an inferred phenomenon (13) (14) (15) , this abrupt change in the temperature dependence of relaxation processes in supercooling water (15) has now been directly observed, for both diffusivity and relaxation time, by Chen and colleagues (56, 74, 75) . They achieved this by study of water samples sequestered in nanoscopic (1.5 nm diameter) tubule arrays, in which the water does not crystallize. The most extensive data come from the pulsed field gradient spin-echo diffusivity study of Mallamace et al. (56) in which the break in temperature dependence of the diffusivity occurs at 220 K-the same temperature seen in Fig. 2 for the peak in the nanosample heat capacity (38, 39) . Although the nano-sequestration clearly changes the behavior of the water (40, 41, 76) , it is to damp out, rather than to exaggerate, the behavior in real water. These changes are attributed to a Widom (supercritical fluctuations) line crossing by Stanley and co-workers (77) (see below). Alternatively, some authors attribute them to confinement length scale effects (78) . In any case, a strong-fragile transition is a direct prediction of Fig. 2 60 , from which the relaxation time at the onset of the glass transition is seen to be 104 s. In a "standard" DSC scan, the onset would be at 91.3 K, which can be predicted from Eq. 1 using the activation energy measured in (52 constants. This relation requires the temperature dependence of any relaxation process to change sharply when the heat capacity peaks, as demonstrated in figure 3 of (15).
Order-Disorder Versus "Second Critical Point" Scenarios As already stated, the present interpretation invoking order-disorder phenomenology is compatible with a critical point interpretation of supercooled water phenomenology. However, it does not require that a critical point exist. The majority of order-disorder processes end in firstorder phase transitions to the disordered state. For bulk water at ambient pressure and excluding crystallization, it remains possible that the thermal excitation of the low-density liquid (LDL) phase [or the supercooling of the high-density liquid (HDL) phase] may terminate in first-order phase transitions. Indeed, a first-order phase transition is what is implied by the power-law fits of data in much of the supercooled water (HDL) literature (1, 2, 35, 80, 81) [and also what is found (67) in an excitations model best fit to the low-temperature LDL (confined water) heat capacity data in Fig. 2 ]. It is also what is required by the phase diagram derived (82) from the HaarGallagher-Kerr equation of state, which was long considered the best description of water in its stable state, and which has proven capable of predicting the behavior of water in the homogeneous nucleation (kinetic) limit of its metastable stretched state (83) . This phase diagram predicts distinct and different tensile limits for HDL and LDL. Power laws imply diverging fluctuations. They arise by approach either to a critical point or to one of the spinodal lines that radiate out from a critical point. In the latter case, a first-order transition must be crossed before the critical divergence temperature is reached, as seen in the case of the water analog, liquid silicon, in (84) .
The properties that have been measured to the lowest temperature in ambient-pressure supercooled water are the spin-lattice relaxation time T 1 and the viscosity. T 1 can be studied in the presence of crystalline ice (e.g., in emulsion samples) without loss of precision because the crystal signal is not motionally narrowed. In (2), data down to 238 K were fit by a power law with the same singular temperature, 228 K (233 K for D 2 O), that had earlier been obtained from fits to data on other properties (5, 85, 86) . Note that there is only a narrow range, 10 K, in which to encounter either a major deviation from the power law or, alternatively, the intervening liquid-liquid phase transition. Only the T 1 plots for protons (or deuterons) show any deviations from the power law, and protons (deuterons) are known to decouple from oxygen motions by the Grotthus mechanism. It is plausible that the sharp, seemingly inevitable, crystallization that occurs at 234 K in these slowly cooled samples is the result of encountering the phase transition to the fastcrystallizing LDL phase, because this would revisit what has already been seen repeatedly (84, 87) in liquid silicon, and indeed in TIP4P water (Ewald summation version) in simulation (88) .
What is different here from the original Speedy-Angell proposition (85, 86) is the recognition that the spinodal, rather than existing alone as the unique endpoint of the liquid state, in fact underlies a phase transition to the new liquid phase, LDL, as indeed the phase diagram of (82) would imply. Interestingly enough, the first-order transition temperature obtained in (67) from the fit of an order-disorder excitations theory to the confined water LDL C p data seen in Fig. 2 falls at 229 K (67)-slightly above the HDL spinodal, as it should. Furthermore, this must be a minimum value because it is based on fitting data for water in hydrophilic confinement, for which the critical point is [according to simulations (41)] pushed from negative to positive pressures. According to the phase diagram of (82), this first-order liquidliquid transition description actually belongs to a "critical point-free" scenario, which is quite distinct from both "second critical point" (3, 31, 43) and "singularity-free" (3, 31, 89) alternatives. In this respect it lies at the opposite extreme from the "singularity-free" scenario (89), which requires T c to retreat to 0 K (3). The critical point-free scenario, or a variant in which the second critical point exists but only at negative pressure, are supported by the observation that all ambienttemperature response functions and transport coefficients appear to be diverging at the same singular temperature (2, 80, 81, 85, 86) , a behavior not found much beyond the critical point (77) .
Countering the critical point-free scenario are two cooperative excitation models, the Moynihan two species-nonideal solution model (68) and the Franzese-Marques-Stanley intramolecular coupling model (90, 91) , each of which yields a liquidliquid critical point at positive pressure. In this case the fragile-strong transition becomes, at ambient pressure, a continuous transition associated with crossing the "Widom line" (the higher-order extension of the coexistence line beyond the critical point). The Moynihan model in particular inputs data from the experimental hysteresis of the LDA-HDA polyamorphic transition (27) as spinodal pressure limits, and derives a critical pressure of 380 atm. This is remarkably close to the value of 270 atm deduced by Fuentavilla and Anisimov (92) from critical scaling law fitting of the bulk water heat capacity and compressibility data. The latter analysis gave a critical temperature of 232 K, which is unfeasibly high, whereas the Moynihan model gives 225 K. However, the absence of any sign of power-law breakdown for the ambient-pressure properties, except for those known to decouple, is a problem for these models. The 17 O T 1 measurements in coldest emulsions (93) bear repeating with modern equipment because they appear to be crucial in determining the most plausible description of this important liquid.
Concluding Remarks
There is not much distinction between the order-disorder transition scenario we have outlined here and the second critical point scenario, which associates all water anomalies with the existence of a second critical point. Is the second critical point to be regarded as the source of the anomalies of water, or is the cooperativity of the configurational excitations (implied by the form of the heat capacity that we have extracted) to be seen as the primary phenomenon to be interpreted-one that may, at some parameter or some thermodynamic field choice, produce a critical point? It becomes a "chicken or egg" issue, and the question is: Which is scientifically the more fruitful? When a critical point exists, all of the universalities that are implied (near the transition) can be enjoyed, but if the cooperativity is insufficient to induce a critical point, the liquid can still have interesting and important practical properties, such as a vanishing expansion coefficient (as in SiO 2 ). Indeed, the relation of water to SiO 2 glass and liquid, and the "big picture" of glass-formers, is a vitally interesting questionwhich is taken up elsewhere (42) .
